Little attention has been focused on the most common risk factors for postoperative glenohumeral arthropathy in patients undergoing open and arthroscopic stabilization. We performed a literature search using Medline, Cochrane and Google Scholar using the keywords: 'Shoulder instability surgery' in combination with 'glenohumeral osteoarthrosis', 'recurrent shoulder dislocation' in combination with 'surgery' and 'complications'. We identified 33 published studies. There is evidence of long-term postoperative glenohumeral arthropathy in patients undergoing surgical management for shoulder instability. The Coleman methodology score showed great heterogeneity in terms of study design, patient characteristics, management methods and outcome assessment and generally low methodological quality. Follow-up length, age at first dislocation episode and limited external rotation have been shown to be strongly associated with shoulder arthropathy. There is no univocal outcome assessment available. To define the risk factors responsible for development of postoperative glenohumeral arthropathy, controversial findings have been detected. A common validated scale for clinical and imaging measurements for shoulder arthropathy is needed, so as to allow easier and more reliable comparison of outcomes in different studies. Patients should receive controlled imaging assessment (MR and radiographs) in addition to clinical examination. There is a need to perform appropriately powered randomized clinical trials comparing clinical and imaging related outcomes in patients undergoing open, arthroscopic and conservative management for shoulder instability. Standard diagnostic assessment, common and validated clinical and imaging scoring systems are needed.
Introduction
Traumatic shoulder antero-inferior dislocation and subsequent recurrent instability usually occur in young subjects. 1 Several procedures have been introduced over the last 50 years for surgical management of unstable shoulder unresponsive to conservative management. The Putti-Platt technique aims to limit external rotation, 2 ad Latarajet 3 and Eden Hybbinette 4 procedures avoid luxation increasing the anterior glenoid surface using either coracoid transposition or bone graft. Du Toit technique, 5 the open Bankart repair 6 and the arthroscopic Bankart repair 7 act on the capsulolabral detachment, considered the essential pathology of shoulder instability.
Much is known regarding the success and long-term satisfactory stability following surgical management, 8, 9 but little attention has been focused on restricted motion and degenerative changes occurring after surgery. 9 The long period between surgery and onset of arthritis may make it difficult to estimate the prevalence of glenohumeral osteoarthrosis in patients who underwent surgical stabilization. 10 Therefore, to quantify the prevalence of post-operative glenohumeral arthropathy, we conducted a systematic literature review to evaluate: (i) the methodological quality of papers concerning long-term radiological diagnosis of 'dislocation arthropathy', using a modified Coleman method score; 11, 12 (ii) the radiographic classification methods assessing postoperative glenohumeral arthropathy. Finally, we determined the most common risk factors for post-operative glenohumeral arthropathy in patients who underwent open and arthroscopic stabilization.
Materials and methods

Study selection
We included prospective or retrospective studies reporting clinical and radiographic outcomes of patients with traumatic or atraumatic shoulder instability with a minimum of 5 years follow-up. Given the linguistic capabilities of the research team, we considered publications in English, Spanish, French and Italian.
The studies reporting a minimum follow-up less than 5 years, with no imaging assessment of shoulder arthropathy, and studied reporting outcomes following revision surgery were excluded.
'surgery', and 'complications' with no limit regarding the year of publication. The following databases were accessed on 20 July 2009: PubMed (http://www.ncbi.nlm.nih.gov/sites/entrez/); Ovid (http://www. ovid.com); Cochrane Reviews (http://www.cochrane.org/reviews/), Google Scholar. We identified 1668 publications. Two authors (RP and ADB) reviewed the abstract of each publication. The papers were selected or excluded according to the abstract text, excluding the article if an abstract was not available. In addition, the reference lists of the studies included were searched by hand to include articles not identified at the electronic search. All journals were considered and all relevant articles were retrieved.
Studies on animals, cadavers, in vitro, case reports, literature reviews, technical notes, letters to editors and instructional courses were also excluded. To qualify, an article would have to be published in peerreviewed journals. We obtained full-text versions if the abstract did not permit to include or exclude the study. Forty articles were thus identified and selected. All 40 full text selected articles were reviewed and discussed by all the authors, and a senior clinician (LO) made the final decision. After this further selection, 33 publications relevant to the topic were included.
Quality assessment
To blindly assess the methods of each article twice, two investigators (R.P. and A.D.B.) separately evaluated each study, according to the Coleman methodology score (CMS), consisting of 10 criteria assessing the methodological quality of the selected studies. 11 Each study was assessed for each of the 10 criteria to give a final score ranging from 0 to 100 (Table 1) . A perfect score of 100 would represent a study design that largely avoids the influence of chance, various biases and confounding factors. The two investigators discussed scores where more than a two point difference was evident, and reached a consensus.
Data extraction
To report the prevalence of shoulder arthropathy, long-term postoperative radiographs had been assessed according to Samilson and Prieto, 13 Hawkins and Angelo 14 and Rosenberg 6 classifications. To assess the impact of methods on reported outcomes, the CMSs were correlated with reported success rates (in percent) and with publication year to examine trends in methods over time. The intra-class correlation coefficient score and the Spearman Rank correlation were calculated to assess the extent of agreement between the Coleman scores of the two independent assessors, and interobserver reliability. The Spearman correlation was used to assess the correlation between the year of publication and the Coleman score. Analysis was performed using the SPSS software (version 16.0, Chicago, Illinois). Based on the available data, we ascertained whether age at first dislocation and at surgery, length of follow-up, pre-and post-operative stability and limited external rotation were correlated with the rate of post-operative shoulder arthropathy.
Evidence synthesis assessment
To determine the predictive factors of post-operative shoulder arthrosis, regardless of its grading, we synthesized extracted findings into four evidence levels: (i) no evidence: 1 study available; (ii) weak evidence: significant association detected in three or more studies correlating two selected variables or four studies, of which three reported association and one no association; (iii) strong evidence: significant association found in five or more studies, or in six or more studies of which five detected association ad one no association; (iv) inconsistent evidence: remaining instances. Finally, weak or strong evidence for 'no association' was provided when six or more studies are available, of which .60% and .80%, respectively, reported no association.
Results
We identified 33 published studies from 1967 to 2009, which reported more than 5 years imaging outcomes in patients with shoulder instability history who had undergone operative stabilization.
Preoperative features
The mean age of all the patients at first episode of dislocation was 24.9 years (range: 19.8 2 to 47 15 ). The mean interval time from injury to stabilization was 4.9 years (range from 2.5 16 to 6.8 17 years). The mean age of included patients at operation time and last follow-up were 28.5 years (range from 21 18 to 59 15 ) and 46.3 years, respectively (range from 34 19, 20 to 60 21 ).
Study size and follow-up
The total number of patients included in the various studies was 2600, and varied from 10 14 to 570 22 ( Table 2 ). The mean follow-up time was 16 .05 years, ranging from 5 23 to 35 21 years. The average modified CMS was 47.03 (range from 23.0 16 to 76.0 19 ). The following four categories had the lowest scores, (i) study size, (ii) type of study, (iii) description of post rehabilitation program, (iv) description of subject selection process. The average total CMS and the average CMS for each criterion are given in Table 3 . 
Study type
Only one study was a prospective cohort study, and the remaining 32 were retrospective studies. 18 were used in one study (3.0%) each. Different techniques (coracoid transfer, open soft tissue reconstruction and arthroscopic stabilization) were used in one study each. 22 In another study, 16 there was no well-described surgical technique, and the treatment was defined 'arthroscopic procedure with concomitant shoulder stabilization'. Another study 13 reported result about several techniques, including Bristow-Latarjet, Putti-Platt, Joannesburgh stapling, Magnuson repair, Bankart repair and glenoid osteotomy (Table 3) .
Surgical description and post-operative rehabilitation
Twenty-eight of 33 studies (81.8%) focused on one operative technique only, 2 -4,6 -9,14,16 -21,23,24,26,27,29 -38 five studies compared different surgical techniques, 13, 15, 22, 25, 28 and one study reported outcomes (75.8%) used validated scoring systems with adequate reliability and sensitivity. The 'outcome assessment' section scored poorly in 17 of the 33 articles (51.5%). In the remaining of the published articles, this process was flawed from the lack of one or more of the four criteria mentioned in the CMS.
CMSs and statistical results
The mean CMSs for each section was 47.03 (range: 23 16 -76 19 ). The mean CMS of individual scientific articles are listed in Table 4 . Spearman coefficient of rank correlation test showed good reliability with R of 0.97 (CI: 95% 0.93-0.98) and P , 0.0001. The intra-class correlation coefficient gave a score of 0.97 (CI 95%: 0.94-0.97). This indicates a very good agreement between the CMSs awarded to each scientific article by each independent marker. We did not find evidence of a statistically significant association between percentage of good or excellent results and CMS (r ¼ 20.01, P ¼ 0.95). A positive correlation was detected between CMS and the study level of evidence.
Correlating the CMSs to year of publication we found that, although almost all the studies were retrospectives, the more recent scientific articles had significantly higher scores (r ¼ 0.50; P ¼ 0.005) than the older studies. We did not find significant correlation between the Coleman Methodology with the level of evidence (r ¼ 20.01; P ¼ 0.94).
Reported outcomes and complications
Almost all the articles have used different methods of reporting their results. To report schematically the success rates following surgical stabilization, we considered the good excellent rates according to Rowe score and subjective assessment ( Retrospective IV Brox et al. 31 
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Range of movement
The average external rotation with the arm at the side was 48. 48 5-197.68 ) recorded in the unaffected shoulder (t-student: P , 0.79).
Radiographic classification
In the 33 studies included, three different radiographic classification methods were used. Twenty-eight (84.8%) studies used the Samilson and Prieto classification system. Three studies used the Rosenberg classification, 6, 7, 36 and two studies the Hawkins and Angelo classification. 14, 37 In most studies, anteroposterior (AP) radiographs with internal and external rotation of the humerus and axillary and lateral views were performed for both the operated and unoperated shoulders. At times, AP radiograph with a projection angulated 458 from above, called 'coracoids projection', were taken.
Shoulder arthropathy
The overall mean prevalence of arthropathy in the glenohumeral joint was 59.8%, ranging from 9.7 30 to 100%. 13, 14 The corresponding rate in the contralateral, unoperated shoulder, ranged from 0 38 to 55%. 13 A prospective study 9 reported 49.1% of glenohumeral osteoarthrosis prevalence. At long-term follow-up, degenerative changes significantly increased compared with preoperative findings were detected in 10 studies (30.3%). 2, 3, 7, 9, 14, 19, 22, 23, 27 We found higher prevalence of osteoarthrosis in patients undergoing Eden Hybbinette (63.2%) and Putti-Platt procedures (64.2%) compared with the patients operated on open Bankart repair (48.4%) and Bristow-Latarjet technique (43.5%).
Predictive factors for the development of shoulder arthropathy † Five studies 13, 19, 22, 25, 26 associated the age at first dislocation episode to glenohumeral arthritis, demonstrating strong evidence of association. † Three studies 22,25,26 reported a positive and two studies 2, 4 found no associations between age at surgery and development of arthrosis. Therefore, the evidence that older operated patients had higher prevalence arthrosis compared with the younger ones was inconsistent. † Given the reported positive association in two studies 16, 24 and no association 4 in another study, there is an inconsistent association between postoperative shoulder arthropathy and age at latest follow-up † Seven studies examined the association between follow-up length and shoulder arthropathy. Six reported association 6, 24, 27, 32, 33, 35 and one 4 reported no association. Thus, there is strong evidence that longer follow-up increases the chances to detect radiographic degenerative changes. † Fifteen studies assessed the association between the number of preoperative instability events and risk of shoulder arthropathy. Three studies 17, 24, 32 found association and 12 2,3,6 -8,13,22,25,26,31,33,37 found no associations. Concerning these findings, there was strong evidence for no association. † Three studies 9, 19, 22 evaluated the association between post-operative recurrence instability rates and arthropathy prevalence, with inconsistent evidence of association. † Fourteen studies 2, 4, 6, 9, 13, 17, 21, 22, 24, 27, 29, 31, 33, 36 examined the association between limited external rotation and development of shoulder arthropathy. All the articles associated positively the variables, demonstrating strong evidence of association. † Given the lack of data, the relationship between development of glenohumeral arthropathy and factors such as time from injury to surgery, coracoid transposition site, contralateral instability, number of anchors placed, direction of the instability and preoperative bony defects could not be investigated (Table 6 ).
Discussion
Although several scientific studies have been published on shoulder arthropathy, it is difficult to define the prevalence of degenerative shoulder arthropathy following surgical management of unstable shoulders. In addition, few studies have investigated the progression of preoperative degenerative changes during the post-operative period. 22 We wished to ascertain the methodological limitations of the included studies. In fact, although a review article on this subject has been published, 10 the methodological criteria of the studies reviewed have not been assessed.
The Coleman method allows to assess the quality of reporting, not the quality of the study. A high quality study reported poorly would receive a low score. Since the individual authors have not been contacted directly, this is an inherent weakness of all method scores, as they do not necessarily reflect the scientific validity of the study, but are biased by the quality of reporting. As for the second limitation, our electronic search found a high number of abstracts but we focused our interest to articles published in English, French, Italian and Spanish, missing papers published in other languages.
In an effort to ascertain whether different surgical procedures influence radiographic post-operative changes, we divided the techniques performed, observing significantly higher average percentage of glenohumeral arthropathy in patients undergoing Eden Hybbinette and Putti-Platt procedures, respectively, 63.2 and 64.2%. These procedures led to higher rates of severely graded glenohumeral arthropathy compared with other procedures. To define the risk factors responsible for the development of glenohumeral arthropathy, we detected controversial findings. Age at first dislocation episode, length of follow-up, preoperative instability and limited external rotation had strong evidence of association with post-operative shoulder arthrosis. The association between glenohumeral arthropathy and variables such as age at surgery, age at last follow-up and post-operative recurrence rate was inconsistent.
Instead, poor information concerning some factors that have been suggested to play a role in favouring the onset and progression of arthropathy, such as placement of coracoids graft, 3 the location of which can only be assessed in a reliable fashion by post-operative computed tomography, number of anchors, 19 preoperative glenohumeral bony defects, 13, 22 did no allow us to analyse them. Although a few studies describe a statistically significant association between rotator cuff tears and post-operative osteoarthritis, 3, 22 we were unable to demonstrate the arthropathic effect of rotator cuff injuries. Although strong evidence of association between loss of eternal rotation and osteoarthrosis was commonly reported, we could not determine whether the limitation of external rotation contributes to or is the result of glenohumeral arthropathy.
Concerning imaging assessment, in a recently published systematic review 39 reliability data could not be reported because several different classification systems were used in the included articles. Indeed, one of the strengths of our analysis was the common radiographic assessment according to Samilson Prieto classification, a system used in the majority of selected studies (28/33, 84.8%). This classification is simple, and allows surgeons to examine and easily classify radiographs, but the inter-observer reliability is poor. 40 A generally low methodological quality was evident in the articles included based on the scores obtained applying the CMS. However, recent investigations on surgical management in patellar tendinopathy, 11 Achilles tendinopathy, 41 cartilage injuries, 12 posterior cruciate ligament treatment 42 and knee osteoarthrosis after anterior cruciate ligament injury 39 found even lower methodological quality. Only one of the studies included in the present review mentioned compliance with the rehabilitation protocol. 19 Many categories within the CMS had methodological limitations. Some of these were identical to those identified in the previously mentioned reviews of methodological quality. 12,39,41 -43 The category 'type of study', for example, scored particularly low. Only one of the studies was prospective study, 9 and the remaining were retrospective. If large prospective studies are difficult to perform and are expensive, in terms of money and time, retrospective studies are simpler, take less time to conduct, and are cheaper. 44 Most studies (20/33) in our investigation included relatively few patients, but we decided to include them because our search was limited to strict selection of articles with more than 5 years follow-up.
Concerning rehabilitation, we did not find detailed descriptions of post-operative rehabilitation programs (Table 3) in 32 of 33 articles.
Although we could have tried to compare the long-term outcomes following arthroscopic and open surgery management, at the moment, there is a lack of long-term information following arthroscopic procedures.
There are several limitations to our investigation. First, our results are based on poor quality studies that report outcome transformable into percentage of good or excellent. Secondly, the lack of prospective long-term data limited our statistical analysis. Despite these limitations, our synthesis took only statistically significant associations into account, reporting conclusions in the safe side.
Thirdly, open and arthroscopic management of shoulder instability may not be comparable. With regards to management, from this systematic review the relevance of two elements distinctly stands out: (i) in shoulder stabilization, several types of open procedures report high rate of progression to arthropathy, (ii) although some series 22 presented lower prevalence of severity of osteoarthritis in patients undergoing arthroscopic surgery, the lower duration of follow-up and poor available data did not allow us to compare these patients to those undergoing open surgery. Finally, the lack of preoperative imaging assessment made us unable to determine the real prevalence of postoperative arthropathy.
We selected long-term follow-up studies to avoid potential publication bias. In fact, comparing long-term versus short-intermediate follow-up, in longer term studies the prevalence of osteoarthritis might continue to increase. The reader could find a potential limitation depending on poorly arthroscopic stabilization related data. By means of an extensive electronic search, we have tried to retrieve and identify all published data. Given that such studies require long follow-up periods to detect imaging degenerative changes, it seems very unlikely that studies reporting shoulder arthropathy-related data following arthroscopic management will have been published and not identified by our search. In addition, the management of post-operative shoulder arthropathy is of concern, as demonstrated by the lack of defined guidelines to follow.
No significant correlation between outcome results and CMS was detected. This is in agreement with another review that used the CMS to assess methodological limitations of cartilage repair techniques. 12 Given the great number of retrospectives studies (Level IV), the CMS did not correlate with the level-of-evidence rating. The CMS correlated positively with the year of publication, and the methodological quality of published studies has improved over years. Other reviews on different areas of orthopedics have reported similar findings. 41, 42 In conclusion, although the included studies show a low methodological quality, this investigation demonstrated that age at instability is the most important factor involved in the development of osteoarthrosis. According to reported findings, surgical stabilization did not seem to prevent shoulder arthropathy, but final conclusions regarding a cause-and-effect relationship are limited by the lack of control patients managed conservatively.
